The neurologically toxic substance, methylmercury, is detoxicated by simultaneous application of selenite. In vivo formation of bis (methylmercuric) selenide has been suggested as the mechanism of detoxication by selenite. By using isolated guinea-pig taenia coli preparations, the effects of methylmercuric chloride and bis (methylmercuric) selenide on contractile responses to nerve and direct stimulation were investigated. Application of either drugs scarcely affected contractile responses to direct stimulation. However, contractile responses to nerve stimulation were severely reduced by methylmercuric chloride. The effect of bis (methylmercuric) selenide was considerably weaker than methylmercuric chloride. The site blocked by methylmercuric chloride and bis (methylmercuric) selenide in the taenia preparation was discussed methylmercuric chloride (MMC) ; bis ( methylmercuric ) selenide (BMS) ; guinea-pig taenia coli
If the formation of BMS is involved in the detoxication mechanism of methylmercury in vivo, the toxic action of BMS should be expected to be lesser than methylmercury.
In fact, potencies of BMS to inhibit the enzymatic activities of glucose 6-phosphate dehydrogenase, catalase and trypsin are markedly weaker than methylmercuric chloride (MMC) (Mochizuki et al. 1982) .
However, as the toxic actions of methylmercury are neurological, to know toxication and detoxication mechanism of methylmercury it needs to accumulate data on inhibitory effects of MMC and its derivatives by using living nerve-muscle preparations.
In the present experiments, we studied the inhibitory effects of MMC and BMS on the contractile responses of the isolated intestinal smooth muscle, taenia coli, of the guinea-pig to direct and nerve stimulation.
The preliminary study has been reported ).
MATERIALS AND METHODS

Preparation of material
Male guinea-pigs were killed by a blow on the head and strips of taenia coli were dissected from the caecum. The strip trimmed approximately 1 cm in length was suspended in a small organ bath and perfused with the modified Krebs solution (Fukushi and Suzuki 1983) . The bath was gassed with 95% OZ and 5% COZ and its temperature was kept at 34° C. The resting tension of each strip was adjusted at 200 mg and the changes in tension induced were recorded isometrically with a force transducer (Grass, FT-10). Before the start of experiments, all preparations were allowed to equilibrate for 45 min in the modified Krebs solution containing ethanol at the same concentration as the test solution. To test the effect of drug, the solution already present was quickly siphoned off from the organ bath and replaced by the drug solution ; this procedure took only several seconds. However, sudden changes in the level of the solution in the organ bath caused large artifacts, so that recovery of the position of the recording pen to the original level was checked and the recording system was adjusted. For selective stimulation of the intramural nerves, square wave pulses of 0.3 msec duration at a frequency of 5 Hz were delivered for 5 sec transmurally to the taenia strip through bipolar stimulating electrodes made of Ag-AgCI rings. For direct stimulation of muscles, the strip was passed through field stimulation of AC (2 V/cm, 50 Hz). The strength of stimulus was sufficient to produce the maximal responses.
Drugs
BMS was donated by Prof. N. Imura and Dr. A. Naganuma, School of Pharmaceutical Sciences, Kitasato University. MMC was purchased from Wako Pure Chemical Ind. One-hundredth mmoles of each drug were dissolved in 1 ml of absolute ethanol as stock solutions. Aliquots from the stock solution were diluted by the modified Krebs solution to give desired concentrations. Final concentration of ethanol in the drug solution for test was always kept below 1% to avoid harmful effects on responsiveness of the material.
Statistical analysis
Values are expressed in terms of means+s.E. Differences between mean values were analysed with Student t-test, and were judged to be significant when p values were less than 0.05. Fig. 1 shows examples of contractile responses of 2 taenia preparations to transmural stimulation of enteric nerves before and during application of MMC and BMS of which concentrations were 25 u M equivalent to methylmercuric moiety, respectively.
RESULTS
Effects of MMC and BMS on contractile responses of taeniae coli
MMC markedly reduced the responses immediately after its application and only tiny responses were observed several minutes later ( Fig. lA) . With the application of BMS the inhibitory effect was small at first and gradually increased with time ( Fig. 1B) . Transient contractions found immediately after addition of both drugs (arrows in Fig. lA and 1B ) may have been artifacts due to replacement of the solution in the organ bath. All contractile responses to transmural stimulation of nerves observed in the present study, were completely blocked by atropine (data not shown).
Effects of MMC and BMS on the contractile responses to nerve stimulation and direct stimulation of muscles at various exposure times were quantatively studied. The effect of a drug was expressed by the height of the contractile response during exposure to the drug in percentages of that before its application. The concentrations of MMC and BMS used were 50,uM equivalent to methylmercuric moiety, respectively. The results are shown in Fig. 2 .
MMC markedly inhibited the contractile responses to transmural stimulation ( Fig. 2A) . The response was 27±11% at 5 min and waned completely at 15 min. The inhibitory effect of MMC could not be recovered by washing and increased further with time. In contrast MMC inhibited only slightly the response to direct stimulation of muscles. At 5 min the response was 84±17% but no statistical significance was found (n = 5). Small decrease of the response was observed with time, the response being 80 + 6% (n = 5 ; p <0.01) at 15 min.
The inhibitory effect of BMS on the contractile responses to transmural stimulation was pronouncedly smaller than that of MMC (Fig. 2B ). The response was 86 + 4% and 43 + 8% at 5 and 15 min, respectively. The response to direct stimulation of muscles was not affected at all by application of BMS at any exposure time. Even at the exposure time for 40 min, 91 + 6% response was observed (n =4 ; p > 0.05). The inhibitory effect could be recovered by washing the preparation exposed within 20 min.
Concentration-response curves for MMC and BMS
The contractile responses to transmural stimulation were measured for the preparations exposed to various concentrations of each drug for 10 min and the concentration-response curves were made (Fig. 3) . The exposure time for 10 min was adopted to maximize the inhibitory effect on responses and minimize the direct effect of drugs on muscles as shown in Fig. 2A . The concentration-response curve for BMS was located on the right of that for MMC, the slopes of both curves being similar.
DISCUSSION
There are many investigations showing that toxicity of methylmercury is attributed to damages of neural functions (Review : Chang 1977) . In the sciatic nerve-sartorius muscle preparation of the frog, MMC blocks effectively muscle twitches evoked by indirect stimulation (Juang 1976a ) without changing the resting membrane potential or membrane resistance (Juang 1976b ). In the squid axon, MMC inhibits action potentials without changing the resting membrane potential or membrane resistance, the inhibition of the sodium activation mechanism being responsible (Schrivastav et al. 1976 ). Furthermore, in the sympathetic ganglion of the rat, MMC seems to inhibit the release of acetylcholine from presynaptic nerve terminals (Alkadhi and Taha 1982) . The activity of choline acetyltransferase in the brain of rat is also inhibited by MMC (10 mg/kg/day, for 3-15 days) (Omata et al. 1982 ).
On the inhibitory mechanism of contractile responses to nerve stimulation by methylmercury in the nerve-muscle preparation, we consider the following five possibilities ; (1) blockage of conduction mechanism of the nerve, (2) inhibition of synthetic enzymes of transmitters, (3) suppression of release of transmitters, (4) depression of postsynaptic membrane excitability and (5) damage of contractile machinery of muscles.
Our results obtained in the present experiments clearly showed that the contractile machinery of the MMC-treated preparation of taenia was nearly intact. From the literatures mentioned above the possibility of depression of the postsynaptic membrane excitability may be ruled out. The inhibition of synthetic enzymes of transmitters must take much time for the effect to be realized. Eventually, the conduction mechanism and releasing mechanism of transmitters remain as the candidate for target of MMC. At present, we have no knowledge enough to choose either possibility or both.
The general feature of actions of BMS on the taenia preparation resembles that of MMC ; both drugs have no marked effect on the contractile machinery of the muscles during the application times and hence are supposed to affect the nerves and/or the receptors of muscle membrane, although the latter possibility is rather small as discussed above. However, they differ in the strength of toxicity ; BMS needs concentration of approximately 5 times than MMC to cause the same extent of inhibition (Fig. 3) . In summerizing, the results obtained in this study suggest the scheme that MMC incorporated in animal tissues to block the functions of the nerve and/or the receptors of muscle membrane and is detoxicated by forming a complex with selenite, which displays a remakably weakened toxicity.
